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Построена лаграяжева теория для электрического и магнит-

ного зарядов. Исследование основывается на более корректном

описании векторных частиц, с которыми связаны* при £-*-«=*= ,
предельные поля j = + I, О, -I, +I. Показано, что компоненты

поля j = -I, +I сингулярны. Из лагранжиана получено соотно-

шение Дирака.
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1. Introduction.

In the works of Dirac [1,2] , there 1s studied the magnetic charge the-

ory on the basis of the Maxwell equation, I.e. the fields with the helicity

j » ±1. The j * -1,+1 field components are taken Into account Incom-

pletely, due to which the well-known singular "filaments" occurred 1n the

theory.

In the present work we are studying the electric and magnetic charges on

the basis of a more correct definition of electromagnetic field as a field

decsrlbing the set of j = ±1,-1,+1 states. A nonabeiian generalization of

the theory 1s also considered.

2. Total DecsMption of Vector Field.

The field of the particle with the spin s - 1 describes the reducible

representation of the Lorentz group:

Л(\,О) © 4(O,f) Ф <2>(Уг, 1/2).

In the limit of Infinite energy of particles E — ° ° the reducible repre-

sentation Is decomposed and describes four limiting fields with the heiici-
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ties j « ±l,O,-l,+l. The Lagrangian will describe the field s=l completely

only In the case 1f 1t describes also all possible limiting fields at E

The usual equation for the vector field, e.g. [3] , describes the s«l In-

completely, since 1t describes only one limiting field, j-±l. In the work of

this author [4] , two parameters were Introduced to study the vector field.

To describe four limiting fields, the Lagrangian must contain four arbitrary

parameters. The requirement of complete description of particles determines

the field Lagrangian unambiguously up to the divergence.

The Lagrangian describing the s«l field completely 1s as follows:

Ĉ, с ,

where

)

The Lagrangian contains four real parameters: m , , гп
г ;
 a, , a

2

To exclude any of the parameters by means of any transformations 1s impossible,

since they take zero values as well.

If all the parameters differ from zero, then the Lagrangian describes

the s*l with squared mass:

m
-
 s

 — (2,2)
&i Q.z •



If a* , a
2
 + 0 , then, in virtue of the Identity

(a,G~v

 + a aG.l ) ( а , в'1" * аг

the parity 1s conserved.

The conserved energy-momentum tensor has the form:

"
V

At т
г
= О the Laqrangian describes the field j

a
±l, while at гп

г
* О - the

field j«0. The energy-momentum tensor has poles at СХ
г
* 0 , and at a

t
« о

this means that the states j * -1,+1 are singular.

Instead of G^
v
 ,

functions f^
y
 . H^v , fi

Cju 1t 1s more convenient to Introduce the real

by the formulae:

In this case

2>fF

2/г a/l"

where



Thus, the real function ^
lV
 through G.,

v
 decsribes the field j»-l

while the H ^
v
 through G ^ decsribes j»+l.

From theLagrangian (2.1) there follows

- aV)-

The conserved energy-momentum tensor has the form

т г (ЯЯЯУ " j ^ y f l . i f l ^ ^ ' n ^ B j u B y ~

Introduce, at 0^}0Lz ^ О , the transformations:

Here

and the Ugrangian 1s decomposed:

(2.5)
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Thus, at di
}
 а

г
 + Q the Lagrangian 1s decomposed Into two independent

systems: R
v
 , Я ^ and Qjav , 8^ . The transformations (2.5)

transform the two fields j • ±1 Into the fields Fj,
v
 and H^y with

he!leities j * -1,+1. In this case, from the energy-momentum tensor w* have:

The transformations (2.5) are analogous to those of Bogoiyubov's [5] .

The Lagrangian (2.4) contains four free parameters bound by condition

(2.2). We choose the parameters so that we could Isolate the state j*-l.

This can be attained at the following choice of parameters:

m, = a
8
 - e

 ;
 a, = t , m* = m

2
 (2.6)

At m = 0 we have the state j«±l. We shall come to j*-l after the transi-

tion £ •— 0 .

Owing to the singularity of the state j«-l, we'll be able to realize the

limiting transition S-*-0 only 1n physically observed quantities.

The Maxwell equations describe the field j»±l. The electromagnetic field,

to be more correct, 1s the set of the states j *±1,-1,+].

From (2.4) at m i = C d C t 2 , т
г
» О there follows the electromaonetic



fielcl Lagrangian:

and the energy-momentum tensor:

At a i j t t j t O after the transformation (2.5) we obtain the Maxwell

equations for | J V , flM . If Ог— 0 ( di — 0 ), then (2.8) describes

the-field j - -1 (j • +1'.. '

In the Euclidean metric the Laorangian describing the nonabelian fields

with the spin s«l and the limiting fields j * ±l,0,-l,+l has the form:

(at Rj]v + а г R/y ) ( By fly " a y flr + [Яр , Лу J)

where

/-momentum tensor Is

- т,01а» tr (R^ R*4



5.

It 1s obvious that at a, , cu ф О the parity Is conserved. The theory

has no singularities, all the limiting fields j * ±1,0,-1,+! are reouiar.

At т
г
« о ( m , » o) this field 1s j *±l (j*0). If т

г
 = a

a
- 0

( т
г
 = a, = О ), then we Have the field j = -1 (j * ±1).

3. Magnetic Charge.

Consider now the model 1n which the fields 'f, 7 with the snin s«l/2

interact with the components of the vector field s»l, j*±l, -1. In the

kowski space-time the Lagrangian has the form:

The conserved energy-momentum tensor 1s

(э.г)



The transformation (2.5) in the given case, at £ фО , will take the fonr:

5
(3.3?

In the path-dependent formulation of Mandeistam [6]

the dependence on the path is defined by the relations:

These cifferential relations are valid in the consideration of the field

j = ±1; in the transformation (3.3) this is true only at £фО , since

the fields F ^ , f"Ly are singular. In the inteoral form we have

S

exp (- f 4 5,
v
 dG*'} - t.

10



where 5 is the surface between P' and P .

The relation (3.5) is written in the integral form, and after the trans-

formation (3.3) we can perform the Htnitino transition £ - ^ O .

From the Lagrangian (3.1), at ГП • 9, we have

where

8 (=,„

The transformations (3.3) bring to the new charges:

From the equality (3.5), after the substitution o* the decomoosition

and limiting transition £—*-0 we obtain

eip {-f

Taking integral along a closed surface, using (3.6) we'll come to the 01rac

relation [l] :

where fl- is integer.

Only the limiting transition £-*"0 at m * 0 introduces interact-

ions of electric and magnetic charges Into theory. So long as the state

j *-l is singular, then we can realize the Uniting transition E — ч; only

In the integral relations for fv,y , after excln^m. the potentials.

For the further consideration we choose the oauae Introduced orioinaTIv

11



by Fock [7] : Я ^ = ̂ В ц - О ; 1n this case

(3.7)
Q

V / i
 (otx) dot.

0

These relations are valid under the fulfilment of additional conditions

written 1n the Integral and gauge-Invariant form:

The energy-momentum tensor (3.2) In the Fock gaupe (3.7), at m * 0,

£-*-0 , has the form:

+ "Я"

•«here

•J
о

12



The Interaction Lagrangian on the basis of (3.1) after the limiting

transition m
a
» 0, 6-»"0 , 1n the Fock gauge, has the form:

.» . (3.9'

The energy-momentum tensor (3.8) as well as the Interaction Lagranaian (3.9)

describe the Interactions of f^v with the fields У and X possessing

the electric charge в and mgnetic charge о , respectively.

Consider the set of fields 4ot(*) t ( <* « 1,2,...,n): each particle

possesses the electric charge B
a
 and magnetic charae Q

a
 . In this case

the relations (3.4), (3.5) will take the form:

(s.m)

(3.11)

After the transformation (3.3) and the limiting transition &-*O , from

(3.11) we obtain:

Here

av
 С - У о' Ф Yr

uy/
 - 4- e

a
 r

a
 o

H
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Taking integral along the closed surface, we obtain [ 8 ] :

e'a %i ~ еб9а = 231 П в 8 (3.12)

where flag -1s Integer.

4. Nonabelian Fields.

The equations of the massive Yang-Mills field describe the fields s*l,

j«±l. Konabelian fields, to be more correct, are the set of the states

s«l, j»±l,0,-l,+l , to describe which, one should Introduce four mass para-

meters m , , nria , CL, , а
г
 .

The Lagrangian describing the nonabelian fields s»l, j«±l, -1 Inter-

acting with the Fermi fields »f , X has the following form:

*
 =
 "3S

 tr
(^

 +
 «Hp,)(aV- a V * [я

1
; я

у
]) -

^ eHj)(eV aV* [в
11
 B

V
]- Ш ^ -eHj,)(eV - aV* [в

11
, B

V
])

where the T-matrices are taken In the corresponding representation. One can

radiiy be convinced that In virtue of the Identity
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the parity, at 6 ^ = 0 , Is conserved.

The conserved energy-momentum tensor has the followinQ form:

Introduce for the nonabeiian fields the transformations:

(*.3)

[n this case we have



tr ( Р
Я
, P; • рД p f ) • tr (Q

Thus, owing to the transforaation (4.3), the two nonabeiian fields j»±l

are transformed into the fields j • -1, +1.

Introduce for the nonabeiian fields the Foeк gauge

= О

In this case

(

о
i

dx*

о

These relations are valid under the fulfilment of the Bianchi Identity

written in the integral and gauge-invariant form:

where P - 1s the ordered exponent of the two-dimensional Integral

After the transformation (4.3) we can, at m « 0 , realize the limitinq

transition 6 —*" 0 in (4.4), (4.5), and hence we'll obtain:

16
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-id the generalized relation (3.12).

The energy-moeentum tensor (4.2) and the interaction Laoranoian from

(4.1), after the realization of the I1ro1t1np transitions m
e
= O , 6-*O

are as follows:

(Л.7)

d Bwhere Я „ and B« are defined by relations (4.6).

The energy-momentum tensor (4.7) and the interaction Laoranoian (4.8)

describe the nonabeiian fields (̂,y with the helicity j « -1 , interactinp

17



with the spinors Ч' , X which carry the electric- and magnetic-tyoe

charges.

From the Lagrangian (4.1), at m
z
= 0 and £ ф О , there foiioi-

equations:

V
^

 +
 Г 1У+ B

v
, F, J + 1 [fl

v
- B

v
, H

uv
] =

The variables Я,
у
 and H^,

v
 are not divided. This means that the nonabelian

fields describing the states j « -1, +1 are nonlocal [10] .

18
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